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:ii w~~e prove. th: tL'vh correlations In. m q~~~=J

classical, system in. vthitnhe,. in charges

decay. faster than- (distance) 1) tetecag, IU

surrudiC particles has; no multipol. momta of order A2

This Yield& -. bym ioTl t as on .04 so,~n " h p! i~bi

(1noatia .This eztead previou reslfr rein MW

rules and o also genera.esJ them to systems containg fied

dipcl. (or higher ultipoles).. Some consequences are-described

,.. Introduction

We study n odisn.,ion&., V Z., classical charged system

described by correlation fnctions satisfying the equilibrium BGT

(stationary BGKY) hierarchy. We proved earlier [lewhZJ that if

the, correlations hve good clustering behavior then the, net

charge. dipole and quadropole moments of the density engendered

by specifyinr the positions: of any a-particles, must vanish. To

called the resulting conditions on. the te. t correlation

function. the : et -s rules.. Oly the J =0 sune rule

seems. to be generally known. This is- the only nontrivial one for

~ .in. a. homogenous system where: it is called the electroneu-

trality condition.~ For inhomogenous me'i or for fl. L the

F. am =aern ruls are also relevanit suaa%2 useful [3.41..

me* ozigla of the an rules lies I& the long range- nature

of the Coulomb forcer. They are, unaffected by any finite range

interactions, e.. hard ores, between the particles. They oz-

press the fact that correlations cannot decay "faster' thao l the

total, i.e. direct plus induced, interactions. Indeed the

I .-



gNx.ts, show that system with powr law potentials e.g.

Lenaaad-Joes. have similar power law decay of the coelation

Ell- What is rkable about Couloui2 systeem, i.&. real

matter,, Ia that correlations can and. often do decay ch faster

than. ani power law. Icponental. or fastez decay a. be proven

nigrgousl In one dimension, for a one Compon plama in V. - 2

at a e '= 2. [4. and at high temperatures and low densities I,,

all dimensions CS]. Exponential, decay of correlation& is in

fact expected to hold generally in. the fluid phase of charged

systems-an expectition, based. on. eperiment, comptor simulation

and. appzoximate theories , [6].

EL this note we eztend, our previous result for I -.2-

to arbitrar 1.- wheneve. the correlations decar faster than

- (then the charge density in the vicinity of any parti-

cles contains no multipoles of order lees or equal to . rn

particular, exponential decLy implies an infinite number of such

smirules. Another extension. of our results is. the inclusion. of

particles wit. permanent dipoles (or higher multipoles) in the

charged system (pure dipoles ame known, not to screen).

We consider a. mixture of charged p.-ticlaw and permanent

dipolew moving ft the whole~V -dimensional space 1?or I&. a; re-

stricted. domain defined by appropriate walls. The particles

of spees di carry a chage e.( and a permment dipole moment

of strength ;for som. ae Ate( or/and et~ can be zero.

We denote by Pt. and w respectivel7 the position of the particle



a4 the orientatiol, of its dipole Momet - ,, An& use

th .notation. f- .Md.,

kb f ,,'..--

The particles ae subject to the action of external

forces and. interact by two-body forces of the form

The finite rane pait includes In particular strong local

repulsion or hard core and. F consists o charge-charge,

charge-dipole andL dipole-dipole tenm. The external forces can

include a fixed charge denity in e.l. [jeZ (4. We asme

that: the dielectr c constant C I the same inside and outside l

an& set c.= . The case of d:Lfe*et dielectric media will be

treated elsewhere, c.f. ,[41.

We denote by /Oqg) lotj ?I '.the singlet densities,

the pair correlatLon functions, e..... and introduce the truncated

(Ursell) functions

0 o i~no-~PfA~k'y, in(I~rNfs (3)
t~~~tt,~M ) 0t°a P + atideW. t -

As usual the equilibriun. 9 at. etpztue' -

are assumed to satisfy the stationary BBOM-equations [21

I



_ 4.fi f%;t)1t?G

_ - .. .... . d

+ [4l Ff~t; 2LY:t S g) -,'P,d),.....*,)

wher Fe:L) represents the' total avere force on. parti le 1..

We *hall always as*=* that the truncated correlation

fsatiea. sz abeolutely integrable,

loment Relations

Let ~ g.-be the excess-particle, density

of species. , ien that there ar particles of species 01., -. ,

4- Pf J,-

,,* ,d't( .t4 = j('",) ih ,-+ ) .. The CO,) m0men

.relatiomr expresaes the fact that M ,(';o ) the mu.tipole moment

tensor of order du to t ,-- va) she, --

= I(, n q ), (

UL .LL "w 'V' A'z. - = , ..J "



We also write out Sam expliitly the1

tho thre diass4~ul nAt g4MeOu aae CAMpaa~pam~(~
-, (a),

Where ( i w the-1 order ragendre polynomial, *is
the angl.-betwm "r. ad. anct

We now tte our mIla results.

for__ pp-

cone in which the asymptoticdensties of gd patcles do not
llvma~uh. If the correlations satisf the conditon

II10 (f94 of

*vm,:ish.. -

Proof..,:. Cob:aniagt (3) mad (4) gi.ves.

-- p - lT



Le.D ,ba,.Mz, m,, va.ctor- in the open,.cu. cota la

--- -- - - -i. -"" " t '  / ' - ° - ---"'

in.L tamm 3L liAn 2 bt tZ],, shaw.- uaft (0), that the nidkt hamw d ±d

of C161. deca" fs tev tham PNc ,4I- 44- ~ Tlt±W 7iel0z",L

-Pocedn by . - -ctica -z

.nulpol. eansion. of thse to o

t- d,"it .. . .

. , . .(.I.

1

44

• *. - ... - *c ..

One, cai therefore subtract in the integrand on the left hand

side of (1O) the f-I first terms of the Taylor expansion of the



-- 7.

Ffqug t; abu L * W L of L'J ImpesU&W then

Taking the scalar product of the above equaion, with J and

=ig (11) yields

for an -open -. t of unit vectos O ,. and hence (f L)O.

£ It. Disoussion.

An already mentioned in the introductiom there is a wide

-range of physical, conditions im which. system containing: free

chagea am-expected and, in. some case& are prove to cluster ex-

ponia:lly fast. " r these -circumstances the uhieldinri of fixed

chnrgesi s perfect-the exces- partia, density carrIe, no multi-

polo moments of any order. This was- indeed verified explicitely

by Janeovictit 4 for the Y~w OC P sk 6xv

It would seem useful and it may even be important to

take this fact into account when constructing approximate theories



otptumLmbsls.i m mea.. .+. .fo i

a-pair cozseitam fctlot. mobtio,,e. fsam ap.nozxWlAm

tboory, *.g.-. a. H ,UI and. ,,is ito obtaI. L f abo

the hIh ordr correlations m wo*1d. be aessazT. for obta -

Ing I mzo-ftelA ditbU om Ir a pli , them one shoWA only

use ocasztutlofn. which respe t. th sum u'm. 8l.ila catiom

needs to, be used In. deriving approximate Integral eutosfor

the pair corroilation: by makin some clownu=, asat In the BG"

hlera=hy. In this. connection. it Is Is, intozestlng to. observe

that the TotuJ1I-rchimum convolutim. approziation [TI usually

conidteid or the hoIogenous OCP but readily extended to the

general came .

-r,~~~~ .'' ., if. -kk

4-- la q.I

do@ Indeed o, M whenever I o..
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This Is perhaps not surprising since (1-3) is correct to first order

in the plasma. coupling parameter but may be responsible for the

good results one obtains with this approximation [7] and should

be preserved in modifications designed to improve its short dis-

tance behavior.

Systems with Walls

It appears, rather surprisingly, that when O is equal to

the half-space, i.e. r > G, theu correlations "parallel to the

- V
wall" decay like r1

- 
. This can be verified explicitely for the

OCP in v - 2 at Se2 1 - 2 and perturbationally in the general

case [4]. An extension of our theorem shows that this is sufficient

for the tw 0 sum rule but not for t > 0 [8]. Indeed we argue

* [,8] that stronger decay which would imply the .. - 1 sum rule

would have some very unphysical. consequences.

-o

.* 1 2 ". . .1 I l I i ..I I
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